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Enhanced Regional Left Ventricular Function After Distant Coronary
Bypass by Means of Improved Collateral Blood Flow
VASKEN DILSIZIAN, MD, FACC, RICHARD O . CANNON III, MD, FACC,
CYNTHIA M . TRACY, MD, FACC, CHARLES L . McINTOSH, MD, FACC,
RICHARD E . CLARK, MD, FACC, ROBERT O . BONOW, MD, FACC
Bethesda, Maryland
To determine whether coronary artery bypass surgery can
improve function in left ventricular regions not amenable to
direct revascularization, 4 patients with multivessel coro-
nary artery disease were studied by radionuclide angiogra-
phy and coronary arteriography before and 6 months after
coronary artery bypass surgery . All had proximal stenosis
of the left circumflex artery or a major obtuse marginal
branch. Left ventricular regional function was assessed by
dividing the left ventricular region of interest into 0
sectors
; the 8 sectors corresponding to the posterolateral
free wall were used to assess function in the left circumflex
artery distribution . Change in function in the left anterior
descending territory was not analyzed because of the non-
specific septal hypokinesia that develops postoperatively .
For the total group, coronary artery bypass surgery
significantly increased both global left ventricular ejection
fraction during exercise (43 ± 13% to 50 ± 14%, p <
0.001) and the change in ejection fraction from rest to
exercise (-7 ± 10% to 0 ± 6%, p < 0 .001) . Such
improvement was observed in 9 of 10 patients with all
stenoses bypassed, and to an equivalent degree in 9 of 10
Many patients with coronary artery disease benefit symp-
tomatically from coronary artery bypass surgery, even when
one or more bypass grafts are occluded . Lessening of
symptoms reflects revascularization of ischemic myocar-
dium, which may occur directly from bypass grafts or
indirectly from improved flow through collateral vessels .
Augmentation of coronary blood flow to viable but ischemic
myocardium by either mechanism would be expected to
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patients in whom the left circumflex artery either could not
be bypassed or the bypass graft was occluded (but bypass
grafts to other coronary arteries were patent)
. Similarly,
regional ejection fraction in posterolateral segments during
exercise also increased comparably after operation in pa-
tients with a patent (from 57 ± 18% to 70 ± 19%, p <
0.001) or nonpatent (from 51 ± 14% to 68 ± 14%, p <
0.001) left circumflex graft . In 8 of the 10 patients without
patent left circumflex grafts, collateral perfusion to the
posterolateral free wall from other bypassed arteries was
demonstrated angiographically after surgery . In four pa-
tients in whom all grafts were occluded, regional and global
left ventricular function during exercise was unchanged by
surgery .
These data suggest that many patients with a nonbypass-
able coronary artery may still benefit from coronary artery
bypass surgery if the jeopardized myocardium is perfused
by collateral vessels supplied by a stenosed artery amenable
to bypass surgery .
(J Am Coll Cardiol 1989;14:31
-8)
result in reversal and perhaps normalization of ischemic left
ventricular dysfunction .
Coronary collateral circulation protects myocardial func-
tion at rest (1-3) . Although angiography may detect the
presence of collateral vessels, visual identification of such
vessels does not necessarily reflect their function . A favor-
able effect of coronary collateral vessels on myocardial
perfusion during stress has been reported in studies using
rubidium-84 perfusion during isoproterenol infusion (1), thal-
lium scintigraphy (4-7) and xenon-133 perfusion during
pacing-induced tachycardia (8) . Such beneficial effects are
also manifested by preservation of left ventricular function
during exercise (9) . Collateral vessels that have been judged
angiographically to be satisfactory but are not protective
during exercise have been observed to arise from coronary
0735-1097/89/$3 .50
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arteries with -75% proximal stenosis (4,9) . Thus, bypassing
stenosed arteries that supply collateral vessels to distant
ischemic left ventricular regions might be expected to in-
crease collateral blood flow and, thus, reduce exercise-
induced regional left ventricular dysfunction . In this study,
we determined whether coronary artery bypass surgery can,
through increased collateral flow, improve function in left
ventricular regions that were not revascularized directly,
either because of nonbypassable coronary arteries or as a
consequence of graft occlusion .
Methods
Patient selection . We studied 4 patients with coronary
artery disease who underwent coronary artery bypass sur-
gery. They ranged in age from 46 to 75 years (mean 57) ; all
were men. Patients were included in this study if they 1) had
multivessel coronary artery disease including proximal ste-
nosis of the left circumflex artery or a major obtuse marginal
branch, ) had no angina pectoris at rest, 3) underwent pre-
and postoperative rest and exercise radionuclide angiogra-
phy while free of all cardiac medications, and 4) underwent
coronary arteriography before and after operation to assess
graft patency and collateral perfusion . These patients repre-
sent a consecutive series that fulfilled these selection crite-
ria. This series does not reflect a selection bias related to
prior clinical events or to severe postoperative symptoms
because it is our practice to perform postoperative catheter-
ization and radionuclide angiography in all patients under-
going coronary artery bypass surgery .
All patients consented to undergo pre- and postoperative
coronary arteriography as well as rest and exercise radionu-
clide angiography. The National Heart, Lung, and Blood
Institutional Committee on Human Research approved these
studies for patients with coronary artery disease under
protocol no . 77-H-8 , which was renewed on April 30, 1987 .
The postrevascularization studies were performed 6 to 8
months after surgery, except for in one patient who under-
went radionuclide angiography 1 months after operation .
The whole body radiation dose resulting from the two
radionuclide angiograms is 0 .7 rem, with a cardiac dose of
3 . rem .
Gated blood pool cardiac scintigraphy . Radionuclide angi-
ography was performed at rest and during maximal supine
bicycle exercise both before and after operation to assess left
ventricular ejection fraction, regional wall motion and exer-
cise capacity . Radionuclide studies were performed >_6 h
after discontinuation of nitrate preparations and >_48 h after
discontinuation of calcium channel blocking agents or pro-
pranolol. No patient had been receiving a long-acting beta-
adrenergic blocker. Before imaging, red blood cells were
labeled in vivo with 15 to 0 mCi of technetium-99m .
Imaging was accomplished with use of a conventional Anger
camera equipped with a high sensitivity parallel hole colli-
mator oriented in a modified left anterior oblique position to
isolate the left ventricle, as previously described (10) . A total
of 7.5 to 10.5 million counts was acquired for each rest
study . High temporal resolution (10 to 0 ms/frame) cardiac
image sequences were constructed by computer-based elec-
trocardiographic (ECG) gating, with the use of list-mode
data acquisition with exclusion of extrasystolic and postex-
trasystolic cycles and combined forward and reversed gating
from the R wave . Left ventricular time-activity curves,
representing relative changes in left ventricular volume
during the cardiac cycle, were generated from the cardiac
image sequence after background correction with use of
fixed left ventricular and background regions of interest
drawn manually on the end-diastolic frame . Left ventric-
ular ejection fraction was derived by computer analysis of
the time-activity curves, as previously described (10) . The
lower limit of normal for the ejection fraction at rest
by our technique is 45%, with a reproducibility limit of 4%
(11) .
Exercise studies were performed with use of a bicycle
ergometer, with a restraining harness to minimize patient
motion under the camera . Exercise loads were increased by
5 W every min until the development of angina, limiting
dyspnea or fatigue . Patients who developed angina contin-
ued exercise until angina reached at least the severity that
typically caused the patient to stop exercise . Heart rate and
blood pressure were monitored during exercise at each
stage. No patient developed high grade ventricular arrhyth-
mias necessitating termination of exercise . Imaging was
begun shortly after the onset of exercise, but only that
portion of the data series that occurred during the final min
of maximal exercise was selected for analysis .
Regional left ventricular function . This was assessed both
qualitatively and quantitatively . Qualitative regional analysis
was performed by two investigators who were unaware of
the results of coronary angiography . In cases of disagree-
ment, decision was reached by consensus. Regional left
ventricular function at rest and during exercise was deter-
mined by visual inspection of the radionuclide images and by
inspection of the count-based functional stroke volume map
(or "difference image"), constructed by computer subtrac-
tion of the end-systolic image from the end-diastolic image .
Regional wall motion analysis was confined to the left
anterior oblique view, where the posterolateral free wall
function was assessed and classified visually to be either
normal or abnormal . Deterioration in segmental function
from rest to exercise was considered to be related to
ischemia . For comparative purposes, pre- and postoperative
studies were compared simultaneously for each patient to
determine improvement or deterioration in regional wall
motion . This analysis was confined to the posterolateral wall
in patients with stenosis of the left circumflex artery or its
major branches because of the frequent development of
abnormal ventricular septal motion after median sternotomy
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(1 -14), which would limit the precision of a similar analysis
applied to pre- and postoperative septal motion . The right
coronary artery territory was also not studied because the
exercise analysis was limited to the modified left anterior
oblique projection, which prevents adequate assessment of
inferior wall motion .
Quantitative regional analysis was performed by subdi-
viding the left ventricular region of interest into 0 annular
sectors, each emanating from the diastolic left ventricular
center of gravity, as previously described (15,16) . The 8
sectors corresponding to the posterolateral free wall (sectors
1 to 4 and 17 to 0) were used to assess function in the left
circumflex artery territory (Fig . 1) . Plots of ejection fraction
as a function of sector number were constructed from the
rest and exercise studies performed in each patient both
before and after operation . To obtain a normal data base for
analysis of these regional data, we also studied
5 normal
volunteers who had no evidence of cardiovascular or pulmo-
nary disease and whose physical examination, ECG and
echocardiogram were normal .
Coronary arteriography . Cardiac catheterization was
performed by the percutaneous femoral technique before
and 6 to 8 months after coronary artery bypass surgery .
Coronary stenosis, graft patency and collateral flow grade
were assessed by two independent cardiologist reviewers in
all but two patients whose preoperative angiograms were
unavailable for review, having been performed at outside
institutions and returned shortly after surgery before the 6 to
8 month postoperative catheterization . The two cardiologists
were specifically asked to identify the coronary vessel
supplying the posterolateral wall and grade the collateral
supply in that region
. When they disagreed, decision was
reached by consensus and joint review of films
. As assessed
by the reviewers' written interpretation of the coronary
angiograms, the posterolateral wall was supplied by the left
circumflex artery or obtuse marginal branches in all patients
studied. Coronary stenosis was considered physiologically
significant if there was >50% reduction in luminal diameter .
All patients had ?50% stenosis of the left circumflex artery,
reflecting our patient selection criteria
. Six patients were
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Figure 1 . Sector analysis for assessing regional ejection
fraction . The left ventricular end-diastolic region of
interest (left panel) was subdivided into 0 annular
sectors from which time-activity curves were generated
to compute sector ejection fraction . In this normal
example (right panel), ejection fraction increases during
exercise in all sectors . For purposes of this study, the
eight sectors corresponding to the posterolateral left
ventricular free wall were analyzed .
classified as having two vessel coronary artery disease and
18 as having three vessel disease . At the postoperative
study, bypass grafts were classified as either patent or
occluded. Collateral vessels were graded as follows : grade 0
if absent, grade I if faintly seen, grade if well visualized
with delayed opacification of a prominent distal vessel, grade
3 if well visualized and giving clear opacification of a
prominent distal vessel and grade 4 for excellent collateral
vessels giving brisk opacification of prominent distal vessels
(5) .
Coronary artery bypass surgery . Surgery was performed
with patients on cardiopulmonary bypass under nitrous
oxide and enflurane anesthesia . For myocardial preserva-
tion, systemic hypothermia ( 5° to 30°C), topical iced saline
solution (4°C) and cold potassium cardioplegic solution were
used. Autogenous saphenous vein grafts were obtained from
the leg, and revascularization of all bypassable stenotic
vessels was performed by continuous suture technique . The
average number of coronary artery bypass grafts placed per
patient was
for patients with two vessel disease and .9 for
those with three vessel disease . Serial ECGs were obtained
postoperatively to detect perioperative myocardial infarc-
tion, which was defined by development of Q waves . There
were no cases of myocardial infarction or new conduction
abnormalities postoperatively .
At postoperative coronary arteriography,
48 (75%) of 64
bypass grafts were patent, including 19 (95%) of 0 grafts to
the left anterior descending artery . In
0 patients, one or
more grafts were patent, with 10 of the 0 patients having all
grafts patent. Of the 10 patients without a patent left circum-
flex artery bypass graft, the artery was not amenable to
direct revascularization in 5 patients and was bypassed, but
the graft was occluded at 6 months in the other 5 . In four
patients, all grafts were occluded .
Statistical analysis .
Changes in regional and global left
ventricular ejection fraction before and after coronary by-
pass surgery were analyzed with the paired t test. Regional
ejection fraction data from normal volunteers were analyzed
to derive normal confidence limits .
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Figure . Left ventricular (LV) function during exercise before
(Preop) and 6 to 8 months after (Postop) operation . Upper panel,
Left ventricular ejection fraction during maximal exercise . Bottom
panel, Ejection fraction response to exercise (change from rest to
exercise) . Patients are subgrouped on the basis of bypass graft
patency . Solid circles denote posterolateral regional wall motion
abnormalities ; open circles denote normalized or improved wall
motion compared with the preoperative study . Open symbols with
bars indicate mean values .
Results
Left ventricular ejection fraction and regional wall motion
during exercise . Before coronary artery bypass surgery, left
ventricular ejection fraction at rest in the 4 patients ranged
from 5% to 69% (mean 49 -} 1 %) . During exercise, ejection
fraction ranged from 17% to 70% (mean 43 ± 13%). Ejection
fraction either decreased or did not change from the value at
rest in 19 patients . After surgery, mean ejection fraction at
rest remained unchanged (50 ± 1 %). However, there was a
significant increase in exercise ejection fraction (from 43
13% before to 50 ± 14% after surgery, p < 0 .001), with 19
patients manifesting an increase over preoperative values
(Fig . ) . Similarly, the change in left ventricular ejection
fraction from rest to exercise improved after operation (from
-7 ± 9% to 0 ± 7%, p < 0 .001), with improvement over
preoperative values in 0 patients . Posterolateral wall mo-
tion abnormalities were evident during exercise in 0 pa-
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tients preoperatively, and improved in 1 of the 0 patients
at the postoperative evaluation .
Patients were then sub grouped on the basis of bypass
graft patency . In 10 patients, all (Group I), grafts were
patent and in 10 others (Group II), the circumflex graft was
occluded but other grafts were patent. The remaining four
patients (Group III) had all grafts occluded . After operation,
ejection fraction at rest remained unchanged in each of these
three groups (Table 1) . Changes in left ventricular ejection
fraction during exercise from before to after operation were
similar in patients in Group 1 (45 ± 14% to 5 ± 15%, p <
0.005) and Group II patients (36 ± 11% to 49 ± 14%, p <
0.001) . Such improvement was observed in 9 of 10 patients
with all stenoses bypassed, but also to an equivalent degree
in 9 of 10 patients whose left circumflex artery was not
bypassed (Fig . ) . Similarly, the improvement in the ejection
fraction response to exercise after operation was also com-
parable between Group I (-6 ± 11% to 1 ± 7%, p < 0 .0 )
and Group II (-8 ± 9% to ± 7%, p < 0 .005) . Furthermore,
of the nine Group II patients with exercise-induced poster-
olateral wall motion abnormalities preoperatively, seven had
improved wall motion during exercise after surgery .
In contrast, in the four patients with occlusion of all
grafts, left ventricular ejection fraction during exercise (5
4% to 5 ± 8%, p = NS), as well as the ejection fraction
response to exercise (-7 ± 8% to -6 ± 9%, p = NS)
remained unchanged . None of these patients had resolution
of exercise-induced regional dysfunction after surgery .
Quantitative regional left ventricular function during exer-
cise . Ejection fraction during exercise and the change in
ejection fraction from rest to exercise were examined in each
of the eight posterolateral sectors . A sector in any patient
with coronary artery disease was considered ischemic if the
decrease in ejection fraction from rest to exercise was > SD
below the mean change observed in the same sector in the 5
normal volunteers . In the top panel of Figure 3, examples of
preoperative sector ejection fraction during exercise are
shown for one patient in each of the three groups . The
sectors representing the posterolateral wall of all three
patients demonstrate regions with exercise-induced ische-
mia. The mean exercise data for all patients, subgrouped on
the basis of bypass graft patency, are shown in Figure 4 . In
both Group I and II patients, regional ejection fraction
during exercise increased in each of the eight posterolateral
sectors after operation, as did the change in ejection fraction
from rest to exercise . This pattern was seen in 9 of the 10
patients with all stenoses bypassed, but also to an equivalent
degree in 9 of the 10 patients whose left circumflex artery
was not bypassed (Fig . 3) . In the group with a nonbypassed
left circumflex artery, collateral perfusion to the posterolat-
eral left ventricular free wall was demonstrated postopera-
tively in eight of the nine patients with increased regional
ejection fraction (collateral flow was grade I in three pa-
tients, grade in four and grade 4 in one patient) . In contrast,
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in the four patients whose grafts were occluded, regional
ejection fraction during exercise in each of the eight sectors
and the change in ejection fraction from rest to exercise were
unaffected by surgery .
When all eight sectors representing the posterolateral
free wall were assessed collectively before and after opera-
tion, the mean ejection fraction during exercise was similar
in Groups I and II (Group I, 57 ± 18% to 70 ± 19%, p <
0.001 ; Group II, 51 ± 14% to 68 ± 14%, p < 0 .001) . In
addition, the change in ejection fraction from rest to exercise
was also similar in these two groups (Group I, - 14 ± 13%
to-4±8%,p<0.001 ; Group II,-1 ±8%to- ±7%,p
< 0.001). In the four patients with all grafts occluded, the
mean ejection fraction during exercise remained unchanged
Lateral
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Figure 3. Examples of sector ejection fraction during
exercise are shown for one patient in each of the three
groups. Top, Preoperative (Preop) rest and exercise
data . Bottom, Exercise data before and after (Postop)
operation . Both the patient with all grafts patent and the
patient with an occluded circumflex graft (but patency of
other grafts) manifested improved function of the pos-
terolateral wall (high lateral and low lateral) during
exercise. In contrast, the patient with occluded grafts
demonstrated persistent ischemia in the posterolateral
segment .
between the preoperative and postoperative studies . Al-
though there was a slight increase in mean ejection fraction
response to exercise when all eight sectors were assessed
collectively, the individual sectors were unaffected by sur-
gery (Fig . 4) .
Effect of coronary artery bypass surgery on exercise capac-
ity (Table 1) . Bypass surgery increased exercise capacity
and the exercise rate-pressure product significantly in pa-
tients in Groups I and II (Table 1) . Group I patients, with all
grafts patent, demonstrated increased exercise duration ;
exercise time increased by >60 s in 7 of 10 patients and 9
patients who developed angina during exercise preopera-
tively had no symptoms (except for fatigue) postoperatively .
Group II patients, whose left circumflex artery was not
Figure 4 . Regional ejection fraction during exercise
(top) and the magnitude of change in ejection fraction
from rest to exercise (bottom) are plotted for each of the
eight sectors corresponding to the posterolateral left
ventricular free wall (sectors 17 to 0 and I to 4) . The
mean responses for all patients are subgrouped on the
basis of bypass graft patency .
JACC Vol . 14, No .
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Table 1 . Effect of Coronary Artery Bypass Surgery on Global and Regional Left Ventricular Function in 4 Patients
*p < 0 .05 ; tp < 0 .01 ; tp < 0 .001 . Data are mean values ± SD . EF = ejection fraction : LV = left ventricular ; Postop = after operation ; Preop = before
operation .
bypassed, had similar improvement in exercise capacity
from before to after surgery (4 ± to 6 ± min, p < 0 .001) .
Exercise time in all 10 of these patients increased by >60 s,
with only I of the 8 patients who experienced angina during
exercise before surgery having persistent angina after sur-
gery. Changes in exercise rate-pressure product from before
to after operation were also similar in Group I and Group II
patients . In contrast, the four patients with occlusion of all
grafts had no change in exercise duration, symptoms of
angina and rate-pressure product after surgery .
Discussion
Global and regional left ventricular dysfunction caused by
reversible exercise-induced ischemia usually decreases after
successful coronary bypass surgery (17- 1). There is also
evidence that coronary collateral circulation preserves myo-
cardial regional function at rest and during exercise as long
as the coronary artery supplying collateral vessels is free of
significant proximal stenosis (1,4-9) . Therefore, we exam-
ined the hypothesis that myocardium supplied by coronary
arteries not amenable to bypass surgery may still benefit
from surgery if it is perfused by collateral vessels arising
from a stenosed coronary artery that has been bypassed .
Global and regional left ventricular function . Coronary
artery bypass surgery in our patients significantly improved
both global and regional left ventricular ejection fraction
during exercise and the change in ejection fraction from rest
to exercise, reflecting improvement of inducible left ventric-
ular ischemia. Such improvement was observed in 9 of the 10
patients with all stenoses bypassed, but also to an equivalent
degree in 9 of the 10 patients whose left circumflex artery
was either not bypassed or received a bypass graft that
subsequently occluded. In eight of these latter patients,
collateral flow to the posterolateral left ventricular free wall
was shown arteriographically at the 6 to 8 month postoper-
ative study. The increased exercise left ventricular ejection
fraction and improved regional function in both groups were
associated with an increase in exercise time and rate-
pressure product and reduction of symptoms . In contrast, in
patients with occlusion of all grafts, global and regional left
ventricular ejection fraction during exercise and change in
ejection fraction from rest to exercise were not affected by
coronary artery bypass surgery . Furthermore, anginal symp-
toms persisted and there was no improvement in exercise
time or rate-pressure product after surgery .
We do not interpret our data to be an indication that
complete revascularization of all stenosed coronary arteries
is not desirable at the time of coronary bypass surgery .
Numerous studies ( , 3) indicate that total myocardial
revascularization yields clinical results that are superior to
those after partial revascularization, and we recommend
complete revascularization in all situations in which this can
be accomplished . However, our data have important practi-
cal implications in that they indicate that less than complete
revascularization may be effective in those patients in whom
myocardium supplied by a severely diseased but nonbypass-
able artery also receives collateral flow support from another
diseased artery that is bypassable .
Limitations of study . One limitation of this study is the
small number of patients in each group. A larger number of
patients might have demonstrated a beneficial effect of
having all grafts patent, although our data show no trends in
that direction . A second potential limitation of the study is
the grading of collateral vessels on the basis of contrast
arteriographic findings because it is well recognized that
All Grafts Patent
(n = 10)
Circumflex Graft Occluded,
Other Grafts Patent (n = 10)
All Grafts Occluded
(n = 4)
Preop Postop Preop
Postop Preop Postop
Global LV function
Rest EF (%) 51 ± 1 51 ± 13 44±11 47±1 58±8 57±8
Exercise (EF (%) 45 ± 14 5 ± 15t 36±11 49±14
5 ±4 5 ±8
EF response to exercise (%) -6 ± 11 I ± 7* -8±9
±7t
--7±8 -6±9
Posterolateral regional LV
function
Exercise EF (%) 57 ± 18 70 ± 19t 51 ± 14 68 ± 14" 64 ± 11
67 ± 9
EF response to exercise (%) -14 ± 13 -4 ± 8t -1 ± 8 - ±7t -14± 10 -9± 11t
Exercise capacity (min) 5 ± 1 6 ± * 4± 6--* t 5±-I 5±
Exercise rate-pressure product 18 ± 3 4 ± 7* 18±5 ±5* ±9
4±1
(x 10
-3 )
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visual identification of collateral vessels does not necessarily
reflect their function . Our evaluation was a qualitative ana-
tomic assessment of collateral vessels, rather than a direct
evaluation of myocardial perfusion supplied by these ves-
sels . A third potential limitation relates to the area of
myocardium at risk in the territory of the left circumflex
artery . We were aware that the coronary vascular supply in
the posterolateral segment might be variable ; we therefore
specifically asked the reviewers to identify the major vessel
supplying the posterolateral free wall and to grade the
collateral supply in that region . Their interpretation of the
coronary angiograms indicated that the posterolateral wall
was supplied by the left circumflex artery or obtuse marginal
branches in all patients studied . Furthermore, because of
overlap of adjacent vessels, one can invoke the possibility
that the neighboring vessels, rather than the left circumflex
artery, may have contributed to the abnormality seen in the
preoperative ischemic zone, and that the postoperative
improvement may be the result of patent grafts to the
adjacent vessels . If the increase in regional ejection fraction
was due to overlap of vascular territories from adjacent
segments that were revascularized, then the increase in
regional ejection fraction should be preferentially in the
outer sectors (sectors 3, 4, 17 and 18), whereas the observed
finding was an increase in ejection fraction in all sectors in
the posterolateral region .
Conclusions. Our findings in patients with multivessel
coronary artery disease indicate that distant coronary artery
bypass grafts may lessen reversible ischemia (assessed by
exercise-induced left ventricular dysfunction) in nonrevas-
cularized regions by means of improved collateral flow .
Hence, patients with nonbypassable coronary arteries may
still benefit from coronary artery bypass surgery if the
jeopardized myocardium is perfused by collateral vessels
that arise from a stenosed coronary artery amenable to
bypass surgery .
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